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Simple Evaluation of Marosopi Elasti Moduli of
Spherial Partiles Reinfored Composites




Abstrat: In this paper, marosopi elasti properties of spherial partiles reinfored omposite material are simply
evaluated using a three-dimensional analysis based on the nite element method and ompared with theoretial
ones based on the equivalent inlusion theory. In the numerial analysis, it is assumed that partiles of the same
size are arrayed in body-entered ubi. The volume fration of omposite material is determined by the radius of
partile. A ube with regions equivalent to two partiles is treated as a unit ell and given fored-displaement on
its boundary surfaes. The marosopi Young modulus and the marosopi Poisson ratio of the omposite material
are obtained from reation fores on the boundary surfaes. On the other hand, the marosopi elasti properties
are also alulated using the Mori-Tanaka theory and the self-onsistent method whih are based on the Eshelby
equivalent inlusion theory. As an example, glass partile-reinfored epoxy matrix omposites are onsidered. For
elasti moduli, in onsequene of omparison between the numerial results and ones obtained by the equivalent
inlusion theory, the numerial results are oinident with ones of the Mori-Tanaka theory when partiles are loated
apart from the others. On the other hand, when partiles stik together, the numerial results approximate to ones
of the self-onsistent method with inreasing the volumetri fration of partiles.























































(1 + ν¯)(1− 2ν¯){(1− ν¯)εx + ν¯(εy + εy)} (1)
σy =
E¯
(1 + ν¯)(1− 2ν¯){(1− ν¯)εy + ν¯(εz + εx)} (2)
σz =
E¯
(1 + ν¯)(1− 2ν¯){(1− ν¯)εz + ν¯(εx + εy)} (3)
E¯ ν¯ εx = εz = 0 σx σy εy
[7℄
E¯ =
































































































ε′0ij + (β − 1)εp∗′ij
}
(11)
(9) (7) (11) εp∗ij
εp∗ij = −
κp − κ0










{σ¯ij , ε¯ij} = (1− f){σmij , εmij}+ f{σpij , εpij} (13)
κ¯ µ¯
Mori-Tanaka [9℄
κ0 µ0 κm µm
ε0ij
εmij κ





κm + {f + (1− f)α}(κp − κm)
κm + (1− f)α(κp − κm) (14)
µ¯ = µm
µm + {f + (1− f)β}(µp − µm)
µm + (1− f)β(µp − µm) (15)
Self-onsistent [10℄
κ0 µ0 κ¯ µ¯
ε0ij
ε¯ij κ
0 = κ¯ µ0 = µ¯ ε0ij = ε¯ij
κ¯ µ¯ (7)∼(13)
κ¯ = κm − f (κ
m − κp)κ¯
κ¯+ α(κp − κ¯) (16)
µ¯ = µm − f (µ
m − µp)µ¯

















E GPa ν κ GPa µ GPa
Glass 72.4 0.20 40.2 30.2
Epoxy 2.76 0.35 3.07 1.02
Glass/Epoxy 26.2 0.57 13.1 29.6










































5/2 = 1.12 ( )
































































f = 0.4 Self-onsistent
f ≧ 0.680 (
√
3pi/8)























































































10 r = 0.40, f = 0.069





11 r = 0.866, f = 0.680
0.893 MPa 24.2 MPa





12 r = 0.98, f = 0.913
1.33 MPa 19.5 MPa
0.0986 MPa 3.50 MPa
11 r = 0.866, f = 0.680




0.0986 MPa 10 11
0.0533 MPa, 0.0430 MPa
13 r = 1.00, f = 0.943
1.07 MPa
18.4MPa
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